ABSTRACT. The present study evaluates the characteristics and performances of plaster mortars for construction, with the addition of oxide waste resulted from the filling of metal statues. Several plaster mortars using 0 %, 5 %, 10 %, 15 % and 20 % wt. of waste in composition were prepared in the laboratory and the physical and mechanical characteristics were determined. The waste oxide composition is mainly formed of 61.26 % SiO2, 11.20 % Al2O3 and 23.50 % CaSO4. The consistency water is about 75 % for mortars without waste. With increasing the waste content in the mortar composition, the amount of water decreases at about 50 %. It was also determined the setting time for all plaster mortars without any setting time retarder. The initial setting time for the control mortar was 12 minutes and with increasing the waste percentage in the composition, the setting time increased proportionally, reaching 18 minutes for the sample with 20 % wt. waste. The flexural strength of 2.03 N/mm 2 and compressive strength of 10.31 N/mm 2 were obtained for the sample with the highest amount of waste (20 % wt.).
INTRODUCTION
There is growing concern in the last decades about the large amount of waste generated and the damage that this causes to the planet. At European level, waste management policies aim to reduce the environmental and health impacts of waste and to improve the EU's resource efficiency. The long-term aim of these policies is to reduce the amount of waste generated and when waste generation is unavoidable to promote it as a resource and achieve higher levels of recycling and the safe disposal of waste [1, 2] .
Building mortar is a building material formed by mixing cement, fine aggregates, mixtures and water in a suitable proportion, and the use of ceramic waste in mortar production dates back to the ancient times. The development of suitable repair mortar for historic masonry requires knowledge about chemical and mineralogical composition and information about the mechanical and physical properties of individual structures [3, 4] . It has recently been suggested that mortars may be characterized by their mineralogical composition and micro structural appearance [5] . Also the understanding of all the physical chemical property is very important for this class of materials [6] .
Many studies focusing on the addition of waste in a plaster matrix are found. Moreover, there are many researches about adding different types of wastes to gypsum plaster matrix.
The paper waste generated in the manufacture of paper can be a component of plaster composite material in adequate proportion. The use of paper pulp waste in plaster mortars does not involve any difficulties although it is advisable drying the paper waste before utilization. As such, the mechanical and rheological properties are enhanced and fragmenting the waste ensures a homogeneous mixture [7] .
Plaster composites obtained by mixing plaster with different proportions of unburnt rice husk, blast furnace slag, calcium carbonate or poly vinyl alcohol polymer were tested. The study demonstrated that rice husk, polymer and calcium carbonate additions increased while slag decreased normal consistency water, all additives delayed the setting time, increased the apparent porosity and decreased bulk density of their corresponding composites. The compressive strength is not considerately improved, the being recommended for lightweight high-porosity building structures [8] .
The mineral wools waste, both rock wool and glass wool, into a plaster matrix could be embedded in the core of plasterboards increasing their flexural strength [9] .
The addition of foam ground rubber waste up to 7.5% in the lightweight plaster composite ensures a good workability, obtaining a homogeneous paste without any segregation. Also ground rubber coming from pipe foam insulation was used for obtaining a new lightweight product for building construction [10] .
Saw dust, coconut fibers and tobacco waste fiber incorporated in the plaster mortar composition have improved the thermal property. Diatomaceous earth, fly ash and bottom ash improved the mechanical and thermal properties. In addition, these samples with citric retarder enhanced fire protection [11] .
Del Río Merino et al. studied the physical and mechanical properties of a lightened eco-plaster mortar, manufactured with aggregates from ceramic and extruded polystyrene wastes. The mortars with these wastes reduce the water absorption by capillarity and increase the superficial hardness compared with etalon mortar [12] .
The mechanical characteristics, the thermal conductivity and the sound absorption capacity of the plaster plates with wood waste (wood shavings and sawdust) were studied by Pedreño-Rojas et al. The greatest thermal improvement occurs by adding 20% of wood shavings in the mortar composition [13] .
The use of polymeric wastes as polymer additives in the manufacture of lightweight plasters has been widely studied with a view to improve the thermal behavior of these materials. The properties of plaster mortar and paste rheology containing polyurethane foam and polyamide powder waste are comparable to that of lightweight composite realized with conventional materials [14, 15] .
To our knowledge there is no reference about the use of waste resulted from the filling of the metal statues incorporated into a plaster mortar. For this reason our paper aimed to study the effect of waste addition into plaster-based mortar, from point of view of physical and mechanical properties.
RESULTS AND DISCUSSION

Characterization of raw materials
Plaster
The plaster used in the experiments is a commercial modeling plaster, traditionally used in building construction due to its good properties as it provides in fire protection, as thermal isolation and its contribution to equilibrate the humidity in rooms.
Oxide waste
The oxide waste resulted from thermal treatment at 600 ºC of a mixture of 50 % sand, 25 % fired clay and 25 % gypsum used in the casting process of the art metal statue was introduced as the aggregates in plaster mortars.
Chemical composition of waste
The chemical composition of the oxide waste realized by traditional wet chemistry analyses is presented in Table 1 . The oxide waste contains the silicon dioxide and aluminium oxide resulted from thermal treated of sand and fired clay and calcium oxide (CaSO 4 ) from gypsum dehydration. The minor oxides are originating from impurities presented in fired clay. The mineralogical composition, presented in Figure 1 (b), of plaster was investigated by X-ray diffraction using a Shimadzu 6000 apparatus. The identified compounds are calcium sulphate hemihydrate (CaSO 4 x0.5H 2 O) as a majority, anhydrite (CaSO 4 ) low content and small quantities of impurities quartz (SiO 2 ). The quartz impurity in plaster does not influence the mortar properties, it acts as a fine aggregate.
X-ray diffraction
In Figure 1 (a) the X-ray diffraction pattern of oxide waste used in experiments are illustrated. The main mineralogical compounds evidenced are quartz (SiO 2 ), feldspar, anhydrite (CaSO 4 ).
Grain size distribution
For physical characterization of components of the oxide waste plaster mortars, their grain size distributions were performed by a Shimadzu laser-diffraction analyzer. Samples were immersed for 15 s in isopropyl alcohol used as a solvent, with aggregation being reduced using treatment with ultrasounds. Grain size distribution of the plaster used in experiments is represented in Figure 2 The size of plaster grains is less than 131 microns; 54% of the grains are less than 1 micron and the smallest value of the plaster grain is 10 nm. In the case of oxide waste, the highest value of grain size is 71 microns, only 14 % of the grains are less than 1 micron and the lowest size is of 97 nm. The size of the plaster grains close the oxide waste and ensure workability and homogeneity of the mixtures. Figure 3 illustrates the aspect of the experimented M5 sample, containing 20 % oxide waste. A homogeneous sample without any segregation of waste is observed. The uniform distribution of oxide waste and smooth surfaces in all studied samples were evidenced.
Characterization of mortar samples
Macroscopic aspect
Consistency water
Reference plaster paste (without oxide waste) and pastes with different content of waste replacing the plaster were mixing according to the specific standard. After the rest and mixing time has passed the paste is introduced into a cylindrical ring measuring 40 mm in height and an internal diameter of 30 mm supported on a glass plate. Subsequently, the mold was removed allowing the paste to spread out. The sample diameter was measured in both directions perpendicular to each other. The normal consistency water (Table 2 ) of the used plaster was determined to be of 75 % which means that each 100 g plaster powder mixes with 75 ml water for obtaining of normal consistency paste. The addition of oxide waste decreases the normal consistency water of plaster mortars. Generally, the addition of any additive in plaster mortar involves a decrease of plaster content. Thus the normal consistency water for plasterwaste composites is ranged from 70 % to 50 % for samples that contain 5, 10, 15 and 20 % oxide waste. 
Sample
Setting Time
The setting times of the plaster mortars prepared with different quantities of oxide waste are given in Table 3 . It can observe that the initial setting time is the same for all samples. So, the additions of oxide waste in mortar composition no influence the initial setting time. On the other hand, the final setting times increase by adding the oxide waste. This fact could be explained by the presence of CaSO 4 -soluble anhydrite, in the waste and/or in plaster composition which needs a more long time to hydrate comparing with CaSO 4 x0.5H 2 O hemihydrate.
Plaster mortars density
In Table 4 are presented the densities obtained for experimented mortars. It is observed that plaster mortar with additions of oxide waste achieves value higher than the reference samples (M1). The density of mortars with oxide waste is increased because of waste density which is higher than 2g/cm 3 . Therefore, for every 5 % of waste incorporated in the plaster mortar, the density increases with 11, 15, 17 and 21 % compared with reference mortar (M1).
Mechanical Resistance
Flexural strength
In Figure 4 are presented the flexural strength for the experimented mortars. The results shows that adding the oxide waste in gypsum plaster matrix improve the flexural strength compared to the reference sample.
Additions of 5 % waste in mortar composition no influence on flexural strength (1.49 N/mm 2 ). 10 and 15 % waste in experimented composition increase the flexural strength to 1.72 respectively 1.80 N/mm 2 . But adding up to 20 % waste in the composition can increase the flexural strength up to 35 % (2.03 N/mm 2 ). These mechanical behaviors of plaster mortars could be explained also through increasing their densities comparing the reference sample (about 11 to 21 %).
Compressive strength
The compressive strengths of the studied samples are illustrated in Figure 5 . 
CONCLUSIONS
The using of oxide waste powder as a recycled and reusable material in various plaster mortars is therefore of great interest in the obtaining of new building materials. This fact would contribute to the reassessment of different waste products that are generated in large amounts.
In this respect, the addition of oxide wastes as a plaster substitute has a good influence on the final plaster mortar properties. The addition of oxide waste decreases the normal consistency water of plaster mortars. The final setting times and densities increase by adding the oxide waste. Adding up to 20 % waste in the composition can increase the flexural strength up to 35 % (2.03 N/mm 2 ). The compressive strength values are increased up to 70 % respectively 100 % by adding 15 % and 20 % oxide waste in composition (from 4.72 to 8.11 respectively 10.31 N/mm 2 ).
This preliminary study tries to justify the possibility of reusing this type of oxide waste as an alternative raw material in some lightweight building materials.
EXPERIMENTAL SECTION Experimented compositions
Materials
The experimented plaster mortars are presented in the Table 5 . Five blended plaster mortars with different addition of oxide waste were mixed (M1, M2, M3, M4 and M5). The procedure for obtaining the pastes consisted of progressive additions of oxide waste powder to the plaster, substituting by weight different proportions of plaster for waste. The dry plaster and waste are mixed until homogenisation, about 20 minute. The consistency water is measured and put in a laboratory vessel. The homogenised mixtures sprinkle gradually for 30 secunds in the water. The resulted paste is mixed for 1 minute and then pours uniformaly in three molds. The samples are kept 2 hours in molds and after hardening they are removed.
Methods
Particle size analysis in suspension was performed using Shimadzu SALD-7101 micro-and nanoparticle analyzer (Japan). The nanoparticle size analyzer can handle a broad range of measurement objects and purposes. Using this apparatus, serial measurements based on the same measurement principle are possible for particle size varying within a measurement range from 10 nm to 300 μm.
Crystalline phases were determined by X-ray diffractometer (XRD, Shimadzu 6000) using Cu-Kα radiation (λ = 1.5406 Å) equipped with Ni-filter in a 2θ range of 10°-80°.
The mechanical characteristics (compressive and flexural strength) are investigated on hydraulic press CONTROLS 50-C66V2 in accordance with Romanian standard SR EN 196-1.
